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A B S T R A C T
The aim of this research is to carry out a meticulous statistical analysis of the impact of indoor environmental
quality (IEQ) on self-estimated performanceof workers in the tropical region. An experimental study and
questionnaires were adapted in102 offices distributed across 23 buildings in the wet regions of Cameroon. This
work was conducted during two seasons (dry and rainy seasons) by using a new adaptive approach in naturally
ventilated environments, in accordance with American Society of Heating, Refrigerating and Air Conditioning
Engineers(ASHRAE55), International Standardization Organization (ISO7730), and ISO 10551. The wind speed,
air temperature, relative humidity, and the CO2 levels were assessed, and 600 questionnaires were distributed
simultaneously. The results showed that the indoor air has an important effect on the office workers’ pro-
ductivity. The self-estimated performance increases when the temperature is between 17.5 and 23.4 °C. The
optimum performance was noted when the thermal sensation vote was neutral; meanwhile, the total thermal
discomfort was recorded above 28 °C, which drastically reduced the worker's performance.
1. Introduction
In each country, the number of hours allocated to office work per
day is fixed according to the country's requirements and international
standards [1]. The work duration varies with the activity sector; for
example, in private companies, the allocated time by the worker is
more than that in the public ones [2]. Several business leaders seem to
neglect the requirements of a worker's environment with respect to the
job performance [3,4]. As a result, the workers perform their jobs under
inadequate thermal conditions that result in their dissatisfaction and
lower performance [5]. The room temperature was also found to be the
main element which its variation directly affects a worker's perfor-
mance [5]. It was found that an improved indoor environment quality
(IEQ) in office buildings caused a direct increase in the productivity [6].
Various studies have shown that the wages of workers are often higher
than the exploitation cost of a building [6–11]. Globally, it is seen that
the potential health and productivity benefits remain to be implicated
in the total cost of design [12]. Nowadays, the building facility man-
agers show an interest by ameliorating the indoor air [6]. New designs
have been used to build comprehensive databases of occupant
perceptions [3]. According to [13,14], the IEQ associates with various
factors including thermal surroundings, noise, and lighting. The ex-
isting literature showed complex relationships between the indoor
medium and the mental work concentration [15–19,25]. Climate also
has a significant effect on all these relationships. Wyon [20] showed
that a polluted environment limits and decreases the workers pro-
ductivity. Federspiel et al. [21] reported the importance of improving
(of ≥ 2%) in workers’ performance at the moment where the indoor
CO2 concentration is higher than outdoor rate. Lorsch and Ossama [22]
found that the performance of workers decreases during a short time in
an unfavorable environment. Charles et al. [23] showed that when
some parameters of indoor air are extreme (very high or very low), the
workers are displeased in their work environment. Johnny et al. [24]
showed that special attention should be paid to the maintenance of
office facilities to maintain or improve the efficiency of workers. Sal-
azar et al. [51] showed that a decrease in air temperature in the hot
humid climate, significantly improved the measured performance of
students at school. In the literature review, between 1982 and 1983, in
sub-Saharan Africa, some researches on the thermal comfort and per-
formance studies have been carried out, in which over 1200 factory
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workers, estimated their thermal comfort, while their actual perfor-
mance of various tasks was measured. It is important to notice that
although these subjects usually stated that they preferred quite low
temperatures, in the low 20 s, their measured task performance was
lower at 20 °C and 26 °C than it was at 32 °C [56,57].
In this study, several experimental data were collected to study the
effect of indoor air on the worker's productivity in the offices. A ques-
tionnaire was performed to collect subjective data from 600 partici-
pants. Several studies on worker performance have been performed in
Europe, America, and Asia, but none in the tropical climate of the Sub-
Sahara Africa. Therefore, the impact of indoor environment on African
workers has been neglected. This study was conducted in Douala and
Yaoundé which the choice of doing a research in these cities was not
random. Indeed, both cities are the largest cities in the tropical wet
zone in Sub-Sahara Africa, with the worst condition of indoor en-
vironment for the office workers. Nowadays, no agreement exists to
secure the health and the productivity of workers in this region.
In this research, some statistical analysis were performed to tap into
the participant's internal feelings in order to assess the effect of some
physical parameters on occupant's productivity. Statistical analysis
makes it possible to show with a very high precision the main elements
that directly affect the performance of individuals. In addition, it allows
to better compare the sensations, preferences and thermal comfort of
young and old workers in the same environment.
This research has several sections. The first section investigates in-
door environmental parameters; the second section makes an analysis
of subjective responses, and the last section shows the statistical ana-
lysis of the thermal environment.
2. Materials and methods
2.1. Studied cities
As it was described by Nematchoua et al. [27],Douala and Yaoundé
are two cities located in central Africa. Douala is one of the main city of
Cameroon. It is located between 4°03′N and 9°42′E over an area around
of210km2 and with a climate tropical wet and hot. In this region, the
precipitations are particularly abundant in the rainy season between
June and October, with an outdoor temperature between 18 and 35 °C.
The relative humidity is around 90% during the rainy season and about
80% during the dry season from October to May. In addition, Yaounde
is the first city and capital of Cameroon. This city is located at 300 km
from the Atlantic coast and around of 750m of altitude. It has aclimate
tropical wet and cold constituted of- four seasons, including along dry
season (mid-November to late March),a short rainy season (April to
mid-June),a short dry season (mid-June to mid-August),and a long
rainy season (mid-August to mid-November). Yaoundé city is built on
seven hills and with a temperature between 15 °C and 33 °C.
2.2. Field measurements
This research was carried out during both seasons(rainy and dry
seasons), in the offices with natural ventilation. A new adopted adap-
tive approach allows for having a subjective response of questionnaires
and physical measures. During the study, every office building was
performed at 2–5 days per season.
Physical data was recorded after every 20min under a height of
1.2 m from the ground level in strict accordance with the re-
commendation of the ASHRAE-2004 [26] and ISO-7730 2005 [28]. As
soon as the apparatus was installed, measurements were taken from
08:00 A.M. on ward to enable adaptation of each unit to the environ-
ment. All these devices were installed far from the heat source, to
minimize the errors. The data was recorded regularly until 07:00 P.M.
Table 3 lists some data assessed from 102 offices located across
23buildings studied in both cities. The experiments were conducted in
several offices, in which participants sat at 10 workstations. Each work
station consisted of a table, and a private computer (Fig. 1). The
number of fluorescent lamps varied from 1 to 6 depending the size of
each office. All the air conditioners were stopped during the experi-
mental study.
The indoor air velocity, relative humidity, CO2 levels, temperature,
and the surrounding light intensity were measured using the CA1226
Thermo-Anemometer(accuracy± 3% R + 0.1m/s),
CO2 Monitor ( ± (5% rdg + 50 ppm)), and the IM-1308 a Light
Meter, respectively(see Table 1). The outdoor temperature, wind speed,
and relative humidity values were simultaneously collected from the
National Weather Station System. The main characteristics of the em-
ployed measurement systems in this work are given in Table 1. All
equipment was calibrated before each experiment to ensure reliability
and accuracy in the records during the field campaign. For multi-story
buildings, the offices selected were those that supported a greater
number of occupants. Table 2 lists some of the analyzed periods.
The worker's environment with the same orientation was selected
regarding irradiation which affected indoor air quality. Other criteria
influencing the choice of buildings could be the design type, inertia,
and typology as well as the outdoor environment. Nevertheless, the
most important criteria was the availability and the desire of occupants
to assist the investigation process. Every person had the right to vote in
each building. Table 3 shows some characteristics of these buildings.
2.3. Subjective analysis through a questionnaire
The questionnaires were distributed before and afternoon. A total of
600 questionnaires were received and analyzed during the study; these
questionnaires were constructed as instructed elsewhere Nematchoua
et al. [36,41]. The questionnaires were written in French and English
languages, which are the official country languages. The language
preferences of the occupants were considered while distributing the
questionnaires. These questionnaires were subdivided into three dif-
ferent parts:
– Part 1: A section with personal data (age, sex, height, weight, etc.).
– Part 2: The thermal aspects: judgment about the tolerability of the
Fig. 1. An example of two office plans of the French University Agency in
Yaounde.
M.K. Nematchoua et al. Journal of Building Engineering 21 (2019) 141–148
142
thermal environment, air movement, the temperature difference
between the head and ankle, activity performed in the last period,
among others.
– Part 3: Personal microclimate control. Finally, as described in the
previous research works [42–47],the questionnaires enabled the
identification of the thermal sensation, thermal preference, and
acceptance of the thermal control of air movement and humidity in
the occupied areas.
2.4. Thermal comfort field survey
The opinions of voters were collected from the analysis of ques-
tionnaires and interview responses. The thermal, humidity, and air
movement sensations were adopted according to the literature. The
levels of thermal satisfaction, preference, and comfort were also esti-
mated using different scales, as shown in Table 4 (ASHRAE-2004).
2.5. Participants
The participants included students aged between 18 and 35 years
old and office staff between 22 and 55 years, who were familiar with
the use of office computer used in the experiment. Each participant was
entitled to a meal after the experimental study, to encourage them to
seriously perform the tests. It was noticed that all voters carefully
completed the investigation study.
During the visiting hours, the CO2 monitor displayed a high CO2
concentration. Insulation varied between 0.36 and 1.45 clo
(average0.78cloforYaoundé) and between 0.45and 1.37 clo (average
0.67 clo for Douala). All of the experimental protocols were approved
by the administration staffs.
2.6. Statistical analysis
All of the statistical analyses were carried out with the IBM SPSS
24.0 Statistical software. The significance level was set to 0.05
(P < 0.05). The repeated-measures analysis of variance (ANOVA) was
used for all the collected data even those that were not completely
normally distributed.
This sub-section analyses the effect of age on the voters’ choice. As
in the majority of the commonly applied factors for the t-test, in this
part, all analysis was performed with 95% confidence level (CL), which
was considered as the level of significance equal to 5%[37]. The
thermal comfort differential analysis between ages was conducted with
the Chi-Square method. This test is extremely important in this statis-
tical study because it enables the evaluation or comparison of two
groups (or two measures) and easily identifies the best possible deci-
sion. With the SPSS software, the interval of significance can be freely
selected; indeed, it is a quantitative estimate (p-value) of the prob-
ability that the observed differences are random [37,38,50]. After
analysis of the questionnaires, we found a great discrepancy between
the voters with age under 40 and those with age over 40 years old. This
Table 1
Characteristics of the measurement system.
CO2 monitor (model CO200) Function Range Resolution Accuracy
CO2 0–9999 ppm 1 ppm ± (5% rdg + 50 ppm)
Temperature –10 °C to 60 °C 0.1 °C ± 0.6 °C
14 °F to 140 °F 0.1 °C ± 0.9 °F
Humidity 0.1% to 99.9% 0.1% ±3% (10–90%)
± 5% (< 10% or > 90%)
Digital thermometer Temperature –20 °C to 0 °C 1 °C ± 5.0% of rdg± 4 digits
0 °C to 400 °C 1 °C ± 1.0% of rdg± 3 digits
400 °C to 1000 °C 1 °C ± 2.0% of rdg
C.A 1226 thermo-anemometer Air velocity 0.15–3m/s 0.01m/s ± 3% R + 0.1m/s
3.1–30m/s 0.1m/s ± 1% R + 0.2m/s
Temperature –20 °C to +80 °C 0.1 °C ± 0.3% R + 0.25 °C
Air flow 0–99999 m3/h 1m3/h ±3% R±0.03* surf.
Light meter IM-1308 Light meter 40.0 lx–300.0 K lux ± 3% ±5% reading± 0.5% scale
Table 2
Periods of study.
Cities Dry season Rainy season
Time Months Years Time Months Year
Douala Four weeks Apr.-May 2012 Three weeks Jul.-Aug. 2012
Yaounde Five weeks Jan.-Feb. 2012 Three weeks May-Sep 2012
Table 3
Main characteristics of the analyzed buildings.
Type of construction Bond-stone Earth
Thickness (cm) 7–15 5–12
Density (kg/m3) 329–1644 1491–1950
Thermal conductivity (W/m °C) 0.65–0.71 0.75–1.15
Thermal diffusivity (10−7 m2/s) 3.71–3.85 3.80–4.85
Specific heat (kJ/kg) 0.96–1.01 0.87–1.05
Height (m) 3–5 1.90–3.80
Floor area (m2) 35–49 22–45
Volume (m3) 140–245 44–180
Window exposition S–SW E–ES
Table 4
Adopted thermal scale.
Thermal Sensation Humidity sensation Air movement sensation Thermal satisfaction Thermal preference Thermal comfort
− 3cold − 3 too dry − 3 no wind −2 dissatisfied − 2 cooler − 2 very uncomfort
− 2 cool − 2 dry − 2 only little wind −1 slightly dissatisfied − 1 slightly cooler − 1 uncomfortable
− 1 Slightly cool − 1 Slightly dry − 1 wind not enough 0 satisfied 0 no change 0 comfortable
0 neutral 0 neutral 0 just right + 1 slightly satisfied + 1 slightly warmer + 1 very comfort.
+ 1Slightly warm +1slightly humid + 1 slightly breezy +2 very satisfied + 2 warmer
+ 2 warm +2 humid + 2 too breezy
+ 3 hot + 3 too humid + 3 much too breezy
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reason allowed us to regroup the participants in two categories; young
ones under 40 years and the elders over 40 years.
3. Results and discussions
3.1. Analysis of indoor air parameters
In this study, the average age for the students was 20.6 years and
28.0 for the staff. Table 5 lists some of the results of the physical
measurements obtained from 102 offices distributed across the 23
studied buildings.
It was noticed that the indoor air temperature was between 15.1 °C
and 31.9 °C (average 25.6 °C; standard deviation [SD]= 1.34), air ve-
locity varied from 0.00m/s from 0.52m/s (average 0.16m/s,
SD=0.07), CO2 concentration varied from 318.0 to 1230.0 ppm
(average 794.2 ppm, SD=223.78). On the other hand, the relative
humidity varied from 51.2% to 90.7% (average 69.4%, SD=2.29);
finally, the luminosity concentration varied from 100.4 to 455.0lux
(average 189.4, SD=47.93). These different indoor conditions were
found to be similar across several office work environments in the Sub-
Sahara Africa and Indian Ocean.
3.2. Analysis of subjective responses
Fig. 2 shows different values of thermal sensation votes as function
of air temperature. For ANOVA values (P < 0.05), several important
correlations (R2 =0.984 and R2 =0.958) were associated with several
linear equations.
The participants attained thermal neutrality at 24.4 °C and 23.5 °C
in the dry and rainy seasons, respectively. In the dry season, they felt
slightly warm at 26.1 °C and in the rainy season most of the participants
found the environment “warm” (around 27.5 °C).
Thermal comfort votes versus air temperature is shown in Fig. 3. For
fixed ANOVA values (P < 0.01), more than 80%of the workers found
the environment comfortable at 23.5 °C during both seasons. At 15.8 °C
and 28.9 °C, most of the participants felt “discomfort” during the two
seasons. These results are in line with the conclusion obtained else-
where [9] under different climatic conditions.
Table 5
Physical measured data.
Buildings Air temperature (°C) Air speed (m/s) CO2 concentration (ppm) Relative humidity (%) Luminosity (Lux)
Min Max Min Max Min Max Min Max Min Max
B1 20.1 26.0 0.11 0.33 556.0 596.0 55.5 62.5 145.0 167.7
B2 20.5 28.5 0.09 0.24 516.0 955.5 69.5 74.6 52.0 205.0
B3 18.1 29.5 0.00 0.31 578.0 899.0 69.5 90.7 109.8 350.9
B4 22.7 28.9 0.00 0.22 678.0 840.5 61.7 81.0 105.4 367.0
B5 20.2 30.5 0.05 0.32 350.0 556.1 57.7 70.1 193.1 230.1
B6 24.0 28.5 0.05 0.45 517.0 576.0 67.0 71.0 123.8 345.7
B7 20.5 30.5 0.11 0.25 914.0 1230 65.0 75.9 183.5 350.1
B8 21.0 29.0 0.01 0.27 605.9 789.0 60.7 81.9 110.9 201.2
B9 21.0 27.9 0.00 0.29 511.0 630.3 59.5 75.4 102.5 441.0
B10 20.5 29.9 0.01 0.39 501.0 601.3 57.5 75.5 156.7 322.0
B11 21.3 26.9 0.05 0.38 580.0 889.9 51.2 71.0 100.4 455.0
B12 21.0 25.5 0.01 0.41 501.0 780.6 57.5 69.0 280.9 325.0
B13 19.9 29.7 0.00 0.15 763.0 890.8 65.7 79.0 108.9 245.9
B14 22.0 28.9 0.09 0.15 560.5 1250 59.4 73.9 180.9 204.7
B15 21.3 29.0 0.10 0.43 530.0 1196 72.1 82.1 186.7 201.0
B16 23.5 31.5 0.14 0.23 534.8 1089 57.9 73.5 195.3 289.0
B17 22.3 30.5 0.15 0.33 514.0 1145 70.3 77.0 185.0 180.0
B18 20.5 28.5 0.14 0.43 529.3 1196 68.3 82.3 167.0 237.0
B19 21.7 27.5 0.02 0.52 521.0 1083 65.5 73.4 197.6 330.0
B20 20.3 28.5 0.01 0.22 456.9 830.0 69.0 73.5 107.9 250.0
B21 20.4 27.9 0.12 0.18 318.0 436.5 60.3 67.2 530.0 766.0
B22 19.9 29.5 0.09 0.21 430.9 1194 59.4 71.0 204.0 250.0
B23 21.0 28.9 0.08 0.33 534.5 940.5 67.5 73.5 187.5 330.4
Fig. 2. Air temperature versus thermal sensation votes.
Fig. 3. Thermal comfort votes versus air temperature.
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3.3. Statistical analysis of thermal responses
Table 6 shows the results of statistical test for the young and old
with comparison to their thermal sensation, satisfaction, comfort and
thermal preference.
When the Chi-square was applied to the young and old groups for
thermal sensation, satisfaction, comfort and thermal preference, no
evident discrepancy were noted regarding the young and old in their
thermal satisfactions votes (P > 0.05); however, their thermal sensa-
tion, comfort, and thermal preference votes revealed an obvious dif-
ference. The asymptotic significance [Asymp.Sig.] under the Pearson
Chi-Square was< 0.05. Spearman's correlation was implemented to
analyse the relationship between every physical parameter and the
thermal sensation, comfort, and thermal preference between the young
and old groups (Table 7). As shown in Table 7, the levels of thermal
sensation of ages given a remarkable correlations regarding the indoor
air temperature (P < 0.01). It was also noticed that in Table 7, the
thermal comfort of female levels posted a good correlations regarding
the luminosity rate (P < 0.05) and that the thermal preference of el-
ders showed a good convergence for the air temperature (P < 0.01).
The ordinal logistic regression was adopted to explain the relationship
regarding the thermal sensation concentration of the young and old, the
thermal comfort rate of young people and the thermal preference levels
of old people, with environmental variables (Table 8).
In Table 8, at 95%confidence interval, the significance level
was< 0.05. Therefore, in the 102 offices distributed across 23 build-
ings, the air temperature has a big effect on the thermal preference and
sensation of the young and old people. These results were found to be
similar with those reported elsewhere (Berglund, 1990; Jensen et al.,
2009; Ricciardi and Buratti, 2012). In the next sub-section, the im-
portance of studying the action of the air temperature on the workers’
performance in the offices is discussed.
3.4. Derivation of a relationship between thermal comfort and self-
estimated performance
According to the previous section, application of the Chi-square test
revealed that, among the experimental data, such as air temperature,
air velocity, CO2 concentration, relative humidity and luminosity, only
air temperature was found to be the main parameter that directly
affects the worker's self-estimated performance in buildings. The effect
of clothing insulation on optimum performance is shown in Figs. 4 and
5. The thermal insulation was assessed according to ASHRAE (2005).
Recently, several studies centered on thermal comfort and buildings
have used the adaptive model. Fanger in 1970 after a study with ana-
lytic approach in several conditioned buildings established a relation-
ship between Predicted Mean Vote (PMV)and Predicted Percentage of
dissatisfied (PPD). He showed that for every studied environment, at a
mean vote zero, the number of dissatisfied people is around to 5%. In
this study, in the rainy season, for predicted mean vote from −0.46 to
0.39 at 99% confidence interval, the temperature for best self-estimated
performance was increased from 17.5 °C (with an average of the use of
clothing of 1.37 clo), to 23.4 °C ( at 0.67 clo). At this moment, more
than 80% of participants found their environment acceptable (PPD
under 10%). For a predicted mean vote from −0.71 to 0.93, the tem-
perature for ideal self-estimated performance was decreased from
23.8 °C(with the use of clothing of 0.36) to 22.1 °C (0.78 clo) in the dry
season. Increasing indoor temperature to ≥ 29 °C may reduce the
worker's concentration up to 2.5% during both seasons. The results
obtained seen to be influenced by the climate. For example, Lan et al.
[9] reported that, by increasing the indoor temperature to ≥ 28 °C, the
concentration rate of the workers may reduce by 0.5%. In addition,
Krogstadt et al.[32] showed that high temperatures increases the Sick
Building Syndrome(SBS). While, Mendell et al.[33] reported that in
summer, at the moment where air temperature is the highest in an
environment, it was noticed an increase of the SBS symptoms. Globally,
in rainy season, when predicted mean vote is between −1(21.0 °C) and
+1(26.1 °C), the environment is acceptable, while in dry season, the
environment is acceptable for working, when the air temperature is
between 22.5 °C( predicted mean vote = −1) and 26.8 °C(+1).
In this study, when air temperature varied up to 32 °C and CO2
concentration increased to 1230 ppm, we found that some of these
buildings were often affected by (SBS). In addition, Lan et al. [6] found
that an increase of indoor air temperature acted on the physiological
responses which may disturb the health conditions.
Comparisons between different relationships are shown in Figs. 6
and 7. The formula implemented in this study showed the significant
effect of the indoor air on the worker's performance. As shown in Fig. 6,
the relative humidity was around 65%; the air velocity was around
0.15m/s; the activity level was set to 1.1 met; with clothing fixed to 1.2
clo while the air temperature was< 22.5 °C.
It was interesting to observe the relationship developed by Wyon
[49] that was found to be much different from the other three re-
lationships presented. In the present work, self-estimated performance
decrement seemed increase in the function of air temperature faster
than those in the three other works [34,39,40,48]. This may be due to
the nature of the task performed by the workers. Several studies support
the hypothesis that there are no significant relation between air tem-
perature and productivity [29,31,34,35]. Federspiel et al. [34]found
that, from 21.5 °C to 24.75 °C,indoor air temperature has not a great
effect on the work speed, nevertheless, the performance of worker begin
to decrease from 26 °C. Fig. 7,showed the correlation with relative
performance of occupants assessed under the basic of the equation 3
established in [1], combined with equations found in previous study
carried in both regions [41].
RP t t t0.0351 sv 0.5294 sv 0.215 sv 99.8653 2= + (1)
Where RP and tsv represented the relative performance and thermal
sensation vote, respectively. The maximum self-estimated performance
occurred, while the thermal sensation vote was around 0, except in the
case of Federspiel et al. (2002), where the thermal sensation vote was
−1. This figure shows that the self-estimated performance increases
with the thermal sensation vote, from −2 to −0.5 and that the self-
estimated performance decreases with the thermal sensation vote, from
+0.5 to + 1. Briefly, the confidence interval was positive for some
values of tsv under −0.5 and negative for values above +1. These
Table 6




Value df Asymp. Sig. (2-
sided)
Thermal sensation
Pearson Chi-Square 116.333a 88 0.023





Pearson Chi-Square 19.678a 20 0.478





Pearson Chi-Square 136.871a 63 0.005





Pearson Chi-Square 59.724a 24 0.009




Superscript (a) indicates that it is RC table Chi-Square Test.
a Correlation is significant at P < 0.05, 2-tailed level.
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previous results showed that an increase in the thermal sensation vote
up to −0.5 has a significant improvement on the worker’ self-estimated
performance and an increase of tsv above+ 1 has a significant influence
on the decrease of worker's performance. With the exception of the
work of Roelofsen [30], for tsens between −1 and 1, worker' self-
estimated performance was above 90%; meanwhile, when tsens fixed to
be-3, or + 3, worker' self-estimated performance was slightly above
80%. A weak level of air temperature and humidity affected to venti-
lation rate. 20 °C/51% RH, (Lilan et al. [6]).
Finally, the results obtained in this study strongly depend on the
Table 7
Correlation between the thermal sensation, preference, and thermal comfort levels of old and young people versus the environmental variables.
Thermal sensation of old Thermal sensation of young
Air temperature (°C)
Spearman correlation 0.733** 0.644**
Sig. (2-tailed) 0.001 0.001
N 301 224
Air speed (m/s)
Spearman correlation 0.491* 0.326
Sig. (2-tailed) 0.017 0.129
N 301 223
CO2 concentration (ppm)
Spearman correlation - 0.101 0.145
Sig. (2-tailed) 0.648 0.508
N 301 223
Relative humidity (%)
Spearman correlation - 0.140 0.026
Sig. (2-tailed) 0.523 0.907
N 301 223
Luminosity rate (lux)
Spearman correlation 0.290 0.203
Sig. (2-tailed) 0.180 0.353
N 300 220
Thermal comfort of old Thermal comfort of young
Air temperature (°C)
Spearman correlation − 0.140 −0.073
Sig. (2-tailed) 0.523 0.739
N 300 224
Air speed (m/s)
Spearman correlation 0.286 0.217
Sig. (2-tailed) 0.185 0.321
N 301 223
CO2 concentration (ppm)
Spearman correlation 0.158 0.041
Sig. (2-tailed) 0.471 0.852
N 301 223
Relative humidity (%)
Spearman correlation 0.285 − 0.324
Sig. (2-tailed) 0.187 0.131
N 301 223
Luminosity rate (lux)
Spearman correlation − 0.084 −0.441*
Sig. (2-tailed) 0.703 0.035
N 300 200
Thermal preference of old Thermal preference of
young
Air temperature (°C)
Spearman correlation 0.762** 0.036
Sig. (2-tailed) 0.001 0.872
N 300 224
Air speed (m/s)
Spearman correlation 0.252 0.001
Sig. (2-tailed) 0.246 0.995
N 301 223
CO2 concentration (ppm)
Spearman correlation - 0.218 0.050
Sig. (2-tailed) 0.317 0.820
N 301 223
Relative humidity (%)
Spearman correlation - 0.189 0.384
Sig. (2-tailed) 0.388 0.071
N 301 223
Luminosity rate (lux)
Spearman correlation 0.190 0.318
Sig. (2-tailed) 0.384 0.139
N 300 220
** Correlation is significant at P < 0.01 level (2-tailed), confidence interval (99%).
* Correlation is significant at P < 0.05 level (2-tailed), confidence interval (99%).
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microclimate [52–55]. Sometimes, at very high indoor temperatures
(around 30 °C), it was noticed that some workers accustomed to their
workplace, found their environment comfortable. Despite that,as found
in the previous study by Nematchoua et al. [27], the comfortable
temperature ranges for the two regions was found to be from 23 °C to
28 °C.The health and psychological of the occupants, impacted their
work performance, as showed Roelofsen [30].
4. Conclusions
An experimental investigation was conducted to study the effect of
indoor air quality on the work performance of office staffin102 offices
distributed across 23 buildings in wet climate of Cameroon. In addition,
a questionnaire was performed to collect subjective data from 600
participants. The results indicate the intensity of fatigue and headache
as one of consequences of air temperature over the comfortable zone.
The final result of Chi-square test reported that the variation of indoor
air temperature has a big effect on thermal sensation and preference of
inhabitants. A good self-estimated performance interval was obtained
while workers felt slightly cool and slightly warm; in consequence, the
PMV limits in the work places in the range between − 1 and 1. The
unsuitable situation which indoor temperature high (> 28 °C) or ex-
tremely low (< 17.5 °C) or by hot or cold environment have a big
negative action on the human concentration. Each year, various gov-
ernments spend enormous amount of money to improve the self-esti-
mated performance of workers in their environment. This goal was
achieved when several researchers decided to work together in a team
to suggest some solutions to the politicians. This study revealed some
elements that had a negative effect on workers' self-estimated perfor-
mance in the tropical and equatorial regions, which are strongly
dominated by the dry and rainy seasons.
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